We have measured the X-ray-induced photoconductivity in Kapton (Dupont polyimide) and Teflon over the temperature range 100-5000K. The observed temperature dependence of the photoconductivity was strikingly different for these two materials. The qualitative behavior of the Kapton samples was consistent with the predictions of a model where the delayed photoconductivity signal is due to thermal release of trapped charge. In the case of the Teflon samples, the observed prompt conductivity was almost temperature independent and we observed a pronounced peak in the delayed component of the photoconductivity at about 3600K. The decay time of the delayed photoconductivity for Teflon was also observed to be temperature dependent. We discuss changes in the occupation of deep trapping levels as a possible mechanism for the observed thermal quenching of the Teflon photoconductivity.
continuously monitored using a Cu vs. constantan thermocouple in good thermal contact with the inner sample chamber. The inner sample chamber was enclosed in another evacuated chamber, which thermally isolated the inner chamber and gave an additional degree of shielding against electrical noise.
The X-ray source was a Blumlein generator. The X-ray pulse was approximately 40 nsec FWHM in duration, resulting in a dose of 270 rads ±15% (air) at the sample position. X-ray pulse-to-pulse intensity variations were ±10% in addition to a steady decrease in output with cathode/anode erosion. Photoconductivity signals were normalized to a given dose rate by referencing to an X-ray monitor signal as described in Ref. 1 . The X-ray spectrum ( Fig. 1 ) consisted of characteristic X-ray L lines from the tungsten anode superimposed on a bremsstrahlung spectrum. X-ray deposition computer codes BUCKI (Sandia, Albuquerque) and TORTE (Lawrence Livermore Laboratory) were used to relate the dose rates in air to sample dose rates. The peak dose rate was 4 .7x109 rad/sec in Kapton and 9.5x109 rad/sec in Teflon.
The dielectric samples were made from commercially obtained films of Kapton and Teflon. Electrical contact was made by evaporating 1000l thick aluminum electrodes onto the samples. The aluminum electrodes were backed by beryllium electrodes. The samples were 0.051 mm in thickness and the irradiated area was 5.6 cm2. All surfaces within the sample chamber which were exposed to the X-ray beam were made of beryllium, to minimize charge transfer between the sample and its surroundings. Figure 1 . Blumlein X-ray Spectrum
Results and Discussion
Radiation-induced conductivity in dielectric materials is usually described by models in which the number of charge carriers is controlled by the kinetics of charge generation, recombination, and trapping. The fitting of experimental data to such models is highly speculative, since many of the parameters in the models can only be guessed. In particular, the thermal energy required to release a trapped charge carrier is an important quantity in these models. A study of the temperature dependence of photoconductivity in dielectric materials can provide useful insights into carrier generation and removal processes during the delayed portion of the photoconductivity signal.
One of the important parameters in any photoconductivity model is the generation rate of charge carriers. Photoconductivity in insulators is generally characterized by unusually large values of Ep, the absorbed energy per free-carrier pair. Ep Hughes4 has shown that geminate recombination controls the yield of charge carriers in Doly-N-vinylcarbazole. The probability that an electron and hole will escape from each other before recombining can be computed from the theory of Onsager5, and at low electric fields the escape probability, P, is described by P = exp(-e2/ekTro)(1 + e3E/2ck2T2) (1) where e is the electronic charge, E is the dielectric constant, k is the Boltzmann constant, T is the absolute temperature, E is the electric field and ro is the initial separation of an electron-hole pair. At room temperature and below we observe a linear dependence of peak photocurrent on electric field for both Kapton 
which is obseryed aboye room temperature, appears to be due to the buildup of the delayed conductivity during the radiation pulse. Below room temperature the prompt conductivity is temperature independent.
(2) (3) where N is the density of shallow trapping levels, nc is the Sensity of conduction electrons, nt is the density of trapped electrons, Nr is the density of recombination centers, nr is the number of recombination centers occupied by electrons, and Nc is the density of conducting states. We assume that the holes produced by the irradiation are immobile. We shall discuss our experimental results in terms of the above model.
Kapton:
The transient photoconductivity which is observed during and after pulsed irradiation consists of two components: the prompt conductivity, which occurs during the exciting pulse; and the delayed conductivity, which persists after the exciting pulse has ended. As the temperature is increased, the delayed conductivity of Kapton increases rapidly, but the decay time is relatively independent of temperature, as shown in (Qcm)Y1 normalized to a peak dose rate of 4.7(109) rad/sec, multiply by 8.4(lo-11). A charge displacement signal of the same shape as the monitor signal (3 mV peak) must first be subtracted.
varies exponentially with the reciprocal of temperature, as shown in Fig. 3 , where we plot the lcg of the conductivity signal measured 200 ns after the start of the X-ray pulse vs. the reciprocal temperature. If the delayed carriers are generated as a result of thermal emission from traps, the data of We now wish to discuss the choice of parameters we used in Eqs. (2) and (3) to the equation (4) were much too small to give an appreciable delayed conductivity. In order to generate curves which qualitatively look like the experimental data we had to choose values of a2 in the range 10-12-10"14cm3s-l.
Numerical integration of Eqs. (2) and (3), using the assumed values of the coefficients gives the curves shown in Fig. 4 . The calculated curves show good qualitative agreement with the data of Fig. 2 , particularly in their temperature dependence.
is almost independent of temperature and the delayed conductivity increases with temperature to about 3600K and then decreases with increasing temperature. Figure 4 . Dependence of free carrier density on temperature. The variation of the rate constant a2 corresponds to a temperature variation from 300-5000K.
The discrepancy between the calculated values of a2 and the values Of a2 we used to fit the data does not appear to be strongly dependent of the choice of any of the parameters except a,, and Nt. Since we can estimate the trap depth from our experimental data, we do not regard b as an adjustable parameter. When we tried to increase the calculated value of a2 by increasing aiNt, we found that the trapping became so strong that the number of carriers became much too small to account for the delayed conductivity unless we assume a much larger mobility.
Although we cannot discount the possibility that we have made a poor coice of coefficients to quantitatively fit the data, the discrepancy may be of a more fundamental nature. One possibility is that the trapping level may be filled directly, rather than by capturing carriers from the conduction level. For example, the trapping level might represent an excited molecular state with dissociation as a possible mode of decay. In the event that there are other means of filling the trapping level than by capture of free carriers, Eq. (4) does not apply and the value of a2 need not be constrained by the value of alNt. The observed temperature insensitivity of the peak conductivity in Teflon is probably due to the relative sizes of the delayed and prompt components. The magnitude of the delayed conductivity never rises above the peak room temperature photoconductivity (Figs. 5 and 6 ) so that the delayed part never contributes very much to the peak component. This behavior is to be contrasted to that observed in Kapton (Fig. 2) where the delayed conductivity at elevated temperatures is much larger than the room temperature peak component so that substantial contributions to the peak conductivity do 
